Objective: Colorectal cancer (CRC) is a leading cause of cancer-related deaths worldwide. Small nucleolar RNA host gene 6 (SNHG6) was reported to function as an oncogene in a number of cancers. Here, we aimed to further explore the roles and molecular mechanism of SNHG6 in CRC metastasis. Methods: The expression levels of SNHG6, miR-26a, and enhancer of zeste homolog 2 (EZH2) mRNA were assessed by quantification real-time PCR in CRC tissues and cell lines. Western blot analysis was performed to determine the levels of E-cadherin, Snail, Vimentin, N-cadherin, and EZH2. Cell migration and invasion capacities were detected by transwell assay. Dual-luciferase reporter assay or RNA Immunoprecipitation assay was employed to verify the interaction between SNHG6 and miR-26a, or EZH2 and miR-26a. Results: Our data indicated that SNHG6 and EZH2 mRNA were upregulated, and miR-26a was downregulated in CRC tissues and cell lines. SNHG6 knockdown suppressed the migration, invasion, and epithelial-mesenchymal transition (EMT) of CRC cells. Moreover, SNHG6 binded to miR-26a and repressed miR-26a expression. EZH2 was a direct target of miR-26a, and it was regulated by SNHG6/miR-26a. MiR-26a inhibitor undermined the effect of SNHG6 knockdown on cell migration, invasion, and EMT. Additionally, EZH2 antagonized the effect of miR-26a on cell migration, invasion, and EMT in CRC cells. Conclusion: SNHG6 knockdown suppressed cell migration, invasion, and EMT at least partly by sponging miR-26a and regulating EZH2 expression in CRC cells, providing a strategy for blocking CRC metastasis. Keywords: small nucleolar RNA host gene 6 (SNHG6), miR-26a, enhancer of zeste homolog 2 (EZH2), epithelial-mesenchymal transition (EMT)
Introduction
Colorectal cancer (CRC), one of the most common malignancies, is a leading cause of cancer-related deaths around the world. 1 Although the development of diagnostic and therapeutic methods has improved the survival rate of CRC patients, the prognosis of patients with distant metastases is unfavorable. 2 Therefore, a better understanding of the molecular mechanism associated with metastasis in CRC is an urgent need. Long non-coding RNAs (lncRNAs) are defined as non-coding functional transcripts of >200 nucleotides in length that are recognized as major players in a multitude of pathways across species. 3 Aberrant regulation of lncRNAs is demonstrated to implicate in a variety of human diseases, including cancers. 4 Small nucleolar RNA host gene 6 (SNHG6) was reported to function as an oncogene in a number of cancers, including hepatocellular carcinoma, 5 gastric cancer, 6 glioma, 7 and lung adenocarcinoma. 8 SNHG6 knockdown was confirmed to repress the migration and epithelialmesenchymal transition (EMT) of glioma cells, 7 lung adenocarcinoma, 8 and gastric cancer cells. 9 Additionally, upregulation of SNHG6 was associated with poor prognosis of CRC patients. 10 SNHG6 enhanced the proliferation of CRC cells through directly inhibiting p21 expression by recruiting enhancer of zeste homolog 2 (EZH2) to the p21 promoter. 11 Moreover, SNHG6 sequestered miR-760 to promote CRC progression by regulating FOXC1, highlighting its role as a potential therapeutic target for CRC. 12 Hence, in the present study, we aimed to further explore the roles and molecular mechanism of SNHG6 in CRC metastasis. MicroRNAs (miRNAs), a class of small non-coding RNAs of 19-23 nucleotides, act as a negative regulator of gene expression by binding to the 3ʹ-untranslated region of their target mRNAs. 13 Deregulation of miRNAs is involved in multiple biological processes in cancer, including metastasis. 14 MiR-26a has been reported as a tumor suppressor miRNA in CRC, 15 osteosarcoma, 16 and hepatocellular carcinoma. 17 Additionally, previous studies demonstrated that EZH2 played an important role in the progression and metastasis of CRC. 18, 19 In the present study, our data indicated that SNHG6 and EZH2 mRNA were upregulated, and miR-26a was downregulated in CRC tissues and cell lines. Furthermore, SNHG6 knockdown suppressed cell migration, invasion, and EMT by sponging miR-26a and regulating EZH2 expression in CRC cells. Collectively, our data suggested the SNHG6 might serve as a potential strategy for blocking CRC metastasis. 
Materials and methods

Clinical specimens and cell culture
Cell transfection
The modified miR-26a mimics, miRNA inhibitors (antimiR-26a), siRNA targeting SNHG6 (si-SNHG6), and corresponding negative controls were chemically enhanced oligonucleotides designed and synthetized by Applied Biosystems (Foster city, CA, USA). SNHG6 and EZH2 overexpression plasmids (Vector-SNHG6 and Vector-EZH 2) also were chemically synthetized by Applied Biosystems, and Vector was used as a control. Cells were transfected with 100 mM of the indicated oligonucleotide or 50 ng of plasmid using Lipofectamine 2000 transfection reagent (Invitrogen) according to the protocols of manufacturers.
Quantification real-time PCR (qRT-PCR)
The expression levels of SNHG6, EZH2 mRNA, miR-26a, and miR-16 were examined by the qRT-PCR assay. Briefly, total RNA from tissues and cells was extracted using Trizol (Invitrogen). Then, the integrity and quality of RNA extracts were determined using an Agilent BioAnalyzer 2100 (Agilent, Palo Alto, CA, USA 
Dual-luciferase reporter assay
Online software Starbase v2.0 was performed to predict the target miRNAs of SNHG6. The wild-type SNHG6 reporter plasmid containing the potential binding sites of miR-26a (SNHG6-WT) and its mutant-type SNHG6-MUT was constructed by Applied Biosystems. For the luciferase assay, SNHG6-WT or SNHG6-MUT constructs were transiently transfected into SW480 and SW620 cells together with miR-26a mimics or miR-NC mimics. After 36 hrs posttransfection, the relative luciferase activities were determined using a Dual Luciferase Assay System (Promega).
RNA immunoprecipitation (RIP) assay
RIP assay was performed to examine the potentially endogenous interaction between SNHG6 and miR-26a, or EZH2 and miR-26a using Magna RIP TM RNA Immunoprecipitation Kit (Millipore, Bedford, MA, USA). Briefly, cells were transfected with miR-26a mimics, Vector-SNHG6, Vector-EZH2, or respective controls, and then were lysed in lysis buffer. Subsequently, cell lysates were incubated with anti-Ago2 (Abcam) or anti-IgG (Abcam) and protein A/G magnetic beads. The magnetic bead-bound complexes were purified by Dnase and Proteinase K (Applied Biosystems). Lastly, qRT-PCR assays were used to determine the relative enrichment of SNHG6, EZH2 mRNA, miR-26a, and miR-16 with a LightCycler 480 Probes Master Kit on a LightCycler 480 instrument.
Statistical analysis
All data were analyzed using SPSS 19.0 software (SPSS Inc., Chicago, IL, USA) and were presented as mean ± standard deviation (SD) of three independent experiments. The differences between the two groups were compared by the Student's t-test. The one-way variance analysis (ANOVA) was used to analyze the differences between multiple groups. P-values less than 0.05 were considered statistically significant. *P<0.05, **P<0.01 or ***P<0.001.
Results
Upregulation of SNHG6 in CRC tissues and cell lines
Firstly, we detected the expression levels of SNHG6 in CRC tissues and adjacent noncancerous tissues by qRT-PCR. The data revealed a significant upregulation of SNHG6 expression in CRC tissues compared to normal control ( Figure 1A ). Then, SNHG6 expression was assessed in CRC cell lines. Results indicated that except HCT8 cells, SNHG6 expression was highly elevated in CRC cell lines (SW480, SW620, and HT-29) compared with normal cell line NCM460 ( Figure 1B ).
SNHG6 knockdown resulted in decreased migration, invasion and EMT of SW480 and SW620 cells
Then, loss-of-function experiments were performed to explore the function of SNHG6 on CRC metastasis by transfecting with si-SNHG6 into SW480 and SW620 cells. As shown in Figure 2A , si-SNHG6 transfection in SW480 and SW620 cells led to a drastic reduction of SNHG6 expression compared with negative control. Subsequently, transwell assays demonstrated that compared to respective controls, SNHG6 knockdown significantly suppressed the migration and invasion in SW480 and SW620 cells ( Figure 2B and C). Further, western blot results revealed that SNHG6 knockdown resulted in a decrease of Snail, Vimentin, and N-cadherin levels, as well as an increase of E-cadherin expression, indicating an inhibition of EMT in SW480 and SW620 cells ( Figure 2D -F).
SNHG6 directly binded to miR-26a in SW480 and SW620 cells
To further explore the molecular mechanism by which SNHG6 knockdown inhibited the migration, invasion, and EMT of CRC cells, online software Starbase v2.0 was performed to predict the target miRNAs of SNHG6. Of interest, there existed several potential complementary sites between SNHG6 and miR-26a ( Figure 3A ). To confirm the prediction, dual-luciferase reporter assays were performed by transfecting with SNHG6-WT or SNHG6-MUT constructs into SW480 and SW620 cells with miR-26a mimics. As shown in Figure 3B , in comparison to control, transfection of miR-26 mimics resulted in about 3.25-fold increase of miR-26 expression in SW480 cells, and 4.23-fold increase in SW620 cells. Moreover, these results showed that compared with homologous control, miR-26a overexpression strikingly attenuated the luciferase activity of SNHG6-WT constructs, while it failed to affect the luciferase activity of SNHG6-MUT constructs ( Figure 3C and 3D). RIP assay was used to examine the potentially endogenous interaction between SNHG6 and miR-26a. These data presented that SNHG6 was substantially enriched by miR-26a overexpression with anti-Ago2 in SW480 and SW620 cells ( Figure 3E and 3F) . Also, the association between SNHG6 and miR-26a in SW480 and SW620 cells was supported in Figure S1A and B.
miR-26a expression was downregulated in CRC and was suppressed by SNHG6
Further, we observed miR-26a expression in CRC tissues and cell lines. qRT-PCR results presented that compared to the corresponding counterpart, miR-26a expression was highly downregulated in CRC tissues and cell lines ( Figure 4A and B) . Moreover, miR-26a expression was inversely correlated with SNHG6 level in CRC tissues ( Figure 4C ). Additionally, SW480 and SW620 cells were transfected with Vector-SNHG6 or si-SNHG6, followed by the detection of the miR-26a level. Results revealed that compared to their counterpart, miR-26a level was significantly decreased by Vector-SNHG6 introduction, while it was markedly increased in the presence of si-SNHG6 ( Figure 4D ). miR-26a inhibitor undermined the effect of SNHG6 knockdown on migration, invasion, and EMT of SW480 and SW620 cells
To provide further mechanistic insight into the link between SNHG6 and miR-26a on CRC metastasis, SW480, and SW620 cells were cotransfected with si- SNHG6 and anti-miR-26a. Transwell assays revealed that transfection of anti-miR-26a evidently antagonized si-SNHG6-mediated anti-migration and anti-invasion effects in SW480 and SW620 cells ( Figure 5A-D) . In parallel, the anti-EMT effect of si-SNHG6 was significantly abolished by anti-miR-26a transfection in SW480 and SW620 cells ( Figure 5E and F).
EZH2 was a direct target of miR-26a
Next, online software Starbase v2.0 was used to search for the targets of miR-26a. The predicted data presented that EZH2 was a potential target of miR-26a ( Figure 6A ). Thus, RIP assay was performed by transfecting with miR-26a mimics into SW480 and SW620 cells. Results presented that compared to negative control, the introduction of miR26a mimics resulted in an abundant enrichment of EZH2 mRNA in SW480 and SW620 cells ( Figure 6B) . Moreover, the association between EZH2 and miR-26a was confirmed in Figure S1C and D. Further, we determined whether miR26a regulated EZH2 expression in CRC cells. As expect, EZH2 expression was significantly reduced by -miR-26a mimics transfection, while it was highly elevated when introduced with anti-miR-26a in SW480 and SW620 cells ( Figure 6C ). Subsequently, EZH2 mRNA expression was determined in CRC tissues and adjacent noncancerous tissues, and CRC cell lines and NCM460 cells. These data revealed a significant upregulation of EZH2 mRNA expression in CRC tissues and cell lines compared to their counterparts ( Figure 6D and E).
EZH2 antagonized the effect of miR-26a on cell migration, invasion, and EMT, and it was regulated by SNHG6/miR-26a
Lastly, we investigated whether miR-26a exerting a regulatory function on CRC metastasis was mediated by EZH2. SW480 and SW620 cells were transfected with miR26a mimics alone or together with Vector-EZH2. Transwell results indicated that transfection of miR-26a mimics in SW480 and SW620 cells led to a dramatical suppression of the migration and invasion compared to their counterparts ( Figure 7A-D) . Moreover, miR-26a mimics transfection significantly inhibited the EMT of SW480 and SW620 cells ( Figure 7E and F) . Further, our results presented that Vector-EZH2 transfection antagonized the effect of miR-26a on migration, invasion, and EMT in SW480 and SW620 cells ( Figure 7A-F) . Further, we observed how did SNHG6/miR-26a affect EZH2 expression in CRC cells. These results revealed that compared with respective controls, EZH2 expression was strikingly increased by Vector-SNHG6 transfection in SW480 cells, while it was significantly decreased in the presence of si-SNHG6 in SW620 cells ( Figure 7G and 7H). Additionally, the regulatory effect of SNHG6 on EZH2 expression was abrogated in response to the alteration of miR-26a expression in SW480 and SW620 cells ( Figure 7G and 7H) .
Discussion
CRC is a leading cause of tumor-related deaths worldwide, with the majority attributable to distant metastasis. 20 Increasing evidences have suggested that some lncRNAs play promotional roles in CRC metastasis. For example, upregulation of TUG1 enhanced the migration and invasion of CRC cells in vitro and promoted their metastasis in vivo. 21 LncRNA-ATB overexpression was tightly associated with lymph node metastasis and hematogenous metastasis of CRC. 22 Also, 91H was verified as an independent distant metastasis indicator and 91H silencing repressed the migration and invasion capacities of CRC cells. 23 Previous studies demonstrated that the dysregulation of SNHG6 was closely involved in various cancers metastasis. For instance, Chang et al, 5 reported that upregulation of SNHG6 accelerated tumor growth and metastasis through inducing EMT in hepatocellular carcinoma. Wang et al, 24 verified that SNHG6 overexpression enhanced the migration and invasion via miR-125b/ NUAK1 axis, and promoted EMT by upregulating Snail1/2 expression in bladder cancer cells. Yan and colleague 9 found that SNHG6 overexpression was associated with invasion depth, distant metastasis, and TNM stage, and SNHG6 knockdown inhibited EMT processes of gastric cancer cells. In the present study, our data indicated that SNHG6 was upregulated in CRC tissues and cells, consistent with previous studies. 10, 11 We also found that SNHG6 knockdown repressed the migration and invasion of CRC cells, similar to a recent document. 12 Moreover, we firstly manifested that SNHG6 knockdown resulted in decreased EMT in CRC cells. All these results hinted that SNHG6 might contribute to the metastasis of CRC.
The competing endogenous RNA hypothesis proposed that lncRNA might act as natural miRNA sponges to inhibit intracellular miRNA function. 25 Thus, online software Starbase v2.0 was performed to predict the target miRNAs of SNHG6. Among these candidates, miR-26a was selected for further research due to its role as a tumor suppressor miRNA in various cancers, such as nasopharyngeal carcinoma, 26 breast cancer, 27 and gastric cancer. 28 Moreover, downregulation of miR-26a was associated with lymph node metastasis and miR-26a repressed the metastasis in gastric cancer. 28 MiR-26a was also demonstrated to function as an anti-metastasis miRNA in nasopharyngeal carcinoma, 29 triple negative breast cancer 30 , and hepatocellular carcinoma. 31 Additionally, miR-26a
repressed CRC progression by hindering the binding of hnRNP A1-CDK6 mRNA and inducing apoptosis. 32 High expression of miR-26a led to an inhibition of migration behavior of CRC cells and fucosyltransferase 4 expression, a protein associated with invasion and metastatic properties of CRC. 15 Further, we first confirmed that SNHG6
binded to miR-26a and repressed miR-26a expression in CRC cells. Our data also indicated a significant downregulation of miR-26a expression in CRC tissues and cells, in accordance with former work. 15 Furthermore, we validated that SNHG6 knockdown exerted its antimigration, anti-invasion, and anti-EMT effects through sponging miR-26a in CRC cells. Then, online software Starbase v2.0 was used to search for the targets of miR-26a. Among these candidates, EZH2 was chosen for follow-up experiments because it played vital roles in the development, progression, and metastasis of CRC. 18, 19, 33 Moreover, EZH2 upregulation was a mark of advanced and metastasis tumors including breast and prostate cancer. 34, 35 In addition, EZH2 overexpression epigenetically silenced a number of miRNAs, and thus negatively regulated the metastasis of hepatocellular carcinoma. 36 EZH2 depletion induced by H19 promoted bladder cancer metastasis via inhibition of E-cadherin expression. 37 In this study, we verified that EZH2 was upregulated in CRC tissues and cell lines. Also, we manifested that EZH2 was a direct target of miR-26a in CRC cells, which was consistent with previous reports. 29, 38 Moreover, EZH2 antagonized the effect of miR-26a on cell migration, invasion, and EMT, and it was regulated by SNHG6/miR-26a in CRC cells.
Conclusion
In conclusion, our data indicated that SNHG6 knockdown repressed the migration, invasion, and EMT at least partly by sponging miR-26a and regulating EZH2 expression in CRC cells. Target SNHG6 might be a potential strategy for blocking CRC metastasis.
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(H) SW620 cells were transfected with si-NC, si-SNHG6, si-SNHG6+anti-miR-NC and si-SNHG6+anti-miR-26a, and then EZH2 expression was determined by western blot. **P<0.01 or ***P<0.001 vs corresponding control.
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